To study coherent bunch instabilities for the third generation light source, ALS, it is insufficient to rely on a linear map with radiation damping for the lattice to obtain the correct dynamics. We have implemented a code for transverse bunch instabilities, using a 4-dimensional map for the lattice and wake field expansions for cavities and resistive wall effects.
I. INTRODUCTION
The effects of the cavity HOMs and the resistive wall on the beam dynamics have been studied for the ALS. A tracking code used at SLAC [ 1,2] was generalized to the 4dimensiod transverse case. The model is based on a map for the ring and localized kicks in both planes due to cavities and resistive wall wake fields [3] . The dynamics of the beam at injection has also been shldid.
II. CALCULATIONS ON TRANSVERSE COHERENT BEAM INSTABILITIES.
The linearized equation of motion perturbed by transverse dipole wake fields& [3,4] (see the references for defhtion of theDarameters) :
Using the following ansatz we get the corresponding dispersion relation For a given eigenmode the relative amplitude and phase of the initial conditions for each bunch are given by the corresponding (complex) eigenvector. In this case, all the bunches are oscillating coherently with the same frequency.
Comparison of analytical results with numerical simulation (tracking) for this case can be found in section 4. For the general case, however, we have a superposition of eigenmodes.
For the non-displaced bunches (i.e. stored beam) we use the following ansatz and dispersion relation where T i is the linear growth rate.
III. OVERVIEW OF THE ALS
The ALS is a 1.5 GeV Synchrotron Radiation Source based on a triple bend achromat lattice [5] . The injection system consists of a high intensity electron gun, a 50 MeV traveling wave linac, and a 1 Hz, 1.5 GeV booster synchrotron. The injection scenario requires the storage ring closed orbit to be deflected close to the end of the injection septum using four bump magnets capable of displacing the orbit up to 15 mm. A pulse of electrons is ejected from the booster and transported through the injection septa into the storage ring.
Assuming that the HOMs of both F W cavities (iris radius 0.035 m, length 0.28 m, frequency 499.764 MHz, harmonic number 328) has been damped by a factor of 30 giving an average transverse shunt impedance of 2 MWm, we investigate the HOMs with a shunt impedance greater than this value to study the effect on the beam dynamics. Table 1 the following analysis 10 bunches were used 4 bunches (1 4) displaced by x=5mm and y=lmm and 6 bunches in the orage ring (5 to 10) assumed to be damped down to zero nplitude. The study was limited to 5 mm due to the use of a zylor series map, proven accurate up to this amplitude using symplectic integrator. Amplitudes up to 13 mm can be rpected in reality. Tracking was done for 4096 turns and the nal amplitudes are shown for bunch number 1 and 5.
x 1 table 2a we present the effect on the final amplitudes of one wity, of the resistive wall , and of both, respectively. For the :sistive wall (R.W.) the wake field was stored for one turn in 'able 2a and 500 turns in Table 2b . The amplitude of bunch 1 slowly increases to 5.038 mm in xplane and 1.015 mm in y-plane. For bunch 5, the amplitude reaches 0.0237 mm in x and 0.0243 mm in y (Table 2a) . Figure 1 shows the linear growth for the stored bunches. The use of one wake instead of five hundred wakes for the resistive wall is a good approximation and will be used for the following tracking studies (Table 2b) Growth rates from tracking and estimates using the theory of section 2 were compared for the two cases of zero or non zero initial amplitude. In table 3 the results are shown for the stored bunches (5 to 10) with zero initial amplitude. We find very good agreement between tracking and calculation. Table 4 shows the results for the displaced bunches (1 to 4). The . . 
V. INJECTION DYNAMICS
The bunches are injected from the booster to the storage ring with an amplitude of approximately 13 mm in the horizontal and 1 mm in the vertical plane. We have studied the behavior of the beam just after the injection, for 15,000 turns (the damping time is approx. 15 ms), neglecting wake fields but simulating the full 6-dimensional dynamics [7] . 
VI. CONCLUSION
The tracking shows the importance of correct modeling of the lattice in the estimate of growth rates. Using a non-linear map for the lattice led to modulation of the amplitude, instead of linear growth, for an initially non-displaced bunch. However, the growth rates obtained in both planes are small. Study of the injection dynamics shows beating in the vertical, driven by the horizontal plane, leading to crossing of resonances.
